Manicouagan, Quebec (51ø2YN; 68ø42'W) is the most intensively studied large complex terrestrial impact structure in a predominantly crystalline target. The ground truth data available from Manicouagan have considerable potential for interpreting the subsurface characteristics of lunar impact structures of comparable morphology and size. Two contrasting hypotheses, however, exist for the preerosional form of This is consistent with the topographic data from outside the annular moat and with the residual peripheral gravity low, which suggests a final rim diameter of 85-95 kin. Due to erosion, it is difficult to assign Manicouagan to a particular morphological class of impact structure, but on the basis of the available data it is most likely that the preerosional form was that of a central peak crater or possibly a peak-ring basin. At the time of its formation, Manicouagan may have been dimensionally and possibly morphologically similar to the 96 km diameter lunar crater Copernicus.
INTRODUCTION
Impact cratering is a ubiquitous geologic process on the terrestrial planets [Grieve and Head, 1981] . The recognition of the importance of cratering in the evolution and modification of early planetary crusts has resulted in numerous recent studies designed to understand the impact process and its effects These features are well described in Floran and Dence [1976] and Orphal and Schultz [1978] . Their salient characteristics are noted here, with some amplification over these previous studies where necessary.
The outer circumferential depression is best defined in the west, where the basement geology is restricted to essentially a single lithology, the ubiquitous grey gneisses of the Grenville Province of the Canadian Shield [Murtaugh, 1976] . It is visible on satellite images as an annular pattern of rivers and lakes and represents the limit of visible effects associated with Manicouagan. Floran and Dence [1976] suggest the outer circumferential depression is a fracture zone separating disturbed from essentially undisturbed basement rocks and equate it with the faint outermost ring observed in some lunar multi-ring impact basins. It is, however, a negative topographic element and shows no clear evidence of being a ring fault [Floran and Dence, 1976 ].
The outer disturbed zone and inner fractured zone lie between the outer circumferential depression and the annular moat (Figure 1 ). They are also best delineated in the west, where the division between inner and outer zones is marked by a drainage divide [Orphal and Schultz, 1978] . The drainage divide corresponds to an arcuate ridge system which can be traced over ~ 130 ø of arc in the west at a radial distance of ~ 50 km from the center of the structure (Figures 1 and 2) . Not noted by previous authors are a number of broad arcuate ridge-valley systems in the outer disturbed zone. Within the inner fracture zone, drainage is inward towards the structure. This zone is characterized by a high density of joints and fractures in the basement [Roy, 1969] and a large number of small valleys, some of which are concentric and some of which are radial with respect to the Manicouagan structure rMurtaugh, 1976]. Although eroslanai features, the geometry of the concentric and radial valleys in these zones suggests that they are inherited from original structural and/or topographic elements associated with the Manicouagan feature. Their relationship to the original structure is not obvious on the basis of topography alone. It is possible that they are related to the circumferential and radial fractures which develop in the rim area and radially beyond the rim in explosion craters with a complex form [Jones, 1977] . Similary, the drainage divide is probably an inherited topographic feature, but again its relation to the original structure is not dear on the basis of topography.
The annular moat, which was flooded by the damming of the original Lac Manicouagan and Lac Mouchalagne drainage systems, is the most striking morphologic element of the present structure (Figure 1) . Its outer diameter of 65 km is often quoted as the present diameter of Manicouagan structure. The width of the annular moat, defined by the present level of flooding, is ~ 10 km. Bathymetric measurements carried out on Lac Manicouagan and Lac Mouchalagne prior to flooding indicate that they extended to below sea level, i.e., to depths > 216 m [Murtaugh, 1976] . The annular moat has been referred to as the peripheral trough [Dence, 1977; Floran and Dence, 1976] . This may be somewhat of a misnomer. The stratigraphic control offered by complex impact structures in sediments, such as Flynn Creek, Steinhelm, Red Wing Creek, and Wells Creek, indicates that the peripheral trough at these structures is a wide annular structural depression surrounding an uplifted central core [Roddy, , 1979 In summary, we note that the Only feature which can be directly related to lunar structures is the topographically high central peak of Mont de Babel. Although we generally concur with previous authors on the principal morphological elements, we suggest that, because of erosion, their relationship to original morphologic features is less obvious than previously indicated, and that the present topography alone is inadequate for assigning the Manicouagan structure to a particular morphological class of complex structure [Floran and Dence, 1976; Orphal and Schultz, 1978] . were an order of magnitude higher in the case of Manicouagan, given observations on the rate of decay of recorded shock pressures at other complex structures . The present distribution of shock effects suggests that the transient cavity radius (P •< 10 kb) was in excess of 30 km (Table 1; •' Estimated shock pressure required for first appearance of a particular feature. (Table 2 ). This suggestion is reinforced if, as indicated below, the energy estimate of 2 x 1022J is low.
Impact Melt Rocks
The impact melt rocks are largely confined to the inner plateau, where they have the form of a thin fiat sheet overlying basement rocks (Figures 2 and 3) . In complex lunar structures of various forms, lithological units interpreted as impact melt overlie the crater floor and extend to the inner slope of the final crater rim [Howard, 1974; Howard and Wilshire, 1975 Grieve and Floran, 1978] .
The annular moat is recognized as a zone of faulting. The faulting, as previously stated, has a throw towards the center of > 1 km [Curtie, 1972; Murtaugh, 1976] . It has been interpreted as a ring-graben formed on the outside of the transient [Dence, 1977; Floran and Dence, 1976; Orphal and Schultz, 1978] . From the foregoing review of all the available data, it is apparent that no single data set can provide unequivocal estimates of original dimensions and form. Furthermore, the present topography is a strong function of glacial erosion and provides only a framework into which the other data sets can be placed. The principal observations and the associated estimates of various original dimensions discussed here are listed in Table 3 . It is believed that they form a consistent pattern which favors an original structure more in keeping with the dimensions suggested by Orphal and Schultz [1978] 
